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A B S T R A C T

Ferrocenyl- and hetaryl-substituted ketones react smoothly with the Ruppert-Prakash reagent and, after
desilylation of the intermediate adduct, gave the corresponding tertiary 2,2,2-trifluoroethanols.
Similarly, ferrocenyl carbaldehyde was converted into 1-ferrocenyl-2,2,2-trifluoroethanol via nucleo-
philic trifluoromethylation. Some of the obtained fluorinated alcohols were transformed into thiols by
treatment with Lawesson’s reagent or P2S5�2C5H5N complex. Remarkably, the obtained thiols are non-
odorous compounds.

ã 2016 Elsevier B.V. All rights reserved.

1. Introduction

Fluorinated alcohols and thiols are considered as an important
class of fluorine containing building blocks useful for the
preparation of more complex products of potential interest in
medicinal chemistry, the crop protection industry, and materials
science as well as for other applications, e.g. in the case of
fluorinated alcohols, as nonconventional solvents [1]. The nucleo-
philic trifluoromethylation of aldehydes and ketones with
Ruppert-Prakash reagent (CF3SiMe3) [2] opens a straightforward
access to secondary and tertiary trifluoromethyl alcohols, respec-
tively [3]. The asymmetric versions for these reactions are also
known [4].

In spite of the fact that perfluorinated thiols are of great interest
for materials chemistry [5], syntheses of trifluoromethyl thiols are
scarcely reported. For example, nucleophilic substitution of 2,2,2-
trifluoro-1,1-diphenylethane tosylate with H2S at 50 �C leads to
2,2,2-trifluoro-1,1-diphenylethanethiol in high yield [6]. Remark-
ably, the direct conversion of the corresponding alcohol into the
thiol was achieved using Lawesson’s reagent [7]. However, in that

case, the reported yield was low (20%). In recent time, widely
applied methods comprise Michael additions of 4-methoxyphe-
nylmethanethiol onto 4,4,4-trifluorobut-2-enamides followed by
debenzylation [8] or thioacetic acid onto 4,4,4-trifluorobut-2-en-
1-ones followed by Et3N-catalyzed ester cleavage [9]. In a modified
procedure, thioacetic acid as the Michael donor can be replaced by
H2S [10].

In analogy to reactions with aromatic ketones, reactions of
aromatic thioketones 1 with Rupert-Prakash reagent were also
studied as a method for the preparation of tertiary trifluoromethyl
thiols [11]. However, depending on the reaction conditions,
mixtures of products were obtained, and the required thiols 2
were formed in low yields [11b]. In these reactions, the isomeric
sulfides 3 were obtained as major products (Scheme 1).

In recent publications we reported on the synthesis of hetaryl
and ferrocenyl ketones and their conversions into the correspond-
ing thioketones [12]. Preliminary experiments with Ruppert-
Prakash reagent and phenyl thiophen-2-yl thioketone as well as
ferrocenyl thiophen-2-yl thioketone gave complex mixtures of
products. For that reason, we decided to elaborate a two-step
procedure starting with the corresponding ketones. The first step
was their nucleophilic trifluoromethylation leading efficiently to
the trifluoromethyl alcohols, which subsequently were converted
into hitherto unknown 2,2,2-trifluoroethanethiols.
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2. Results and discussion

The first experiment was performed with ferrocenyl carbalde-
hyde 4a, which under typical conditions (THF, room temperature,
CsF as a catalyst) reacted smoothly with CF3SiMe3, to give
the adduct 5a. Subsequent desilylation by treatment with
equimolar amounts of tetrabutylammonium fluoride (TBAF) led
to 1-ferrocenyl-2,2,2-trifluo-roethanol 6a in high yield (Scheme 2,
Table 1). The latter is a known compound [13], but now prepared
for the first time by trifluoromethylation of 4a.

The asymmetric version of this reaction has also been studied in
the presence of 15 mol% of a cinchonium salt as a catalyst.
However, after desilylation and isolation of product 6a, the HPLC
analysis revealed a low ee-value of 28% only.

In a series of experiments with ferrocenyl ketones 4b–f, the
corresponding tertiary 2,2,2-trifluoroethanols 6b–f were obtained
in high yields (60–80%, Scheme 3, Table 1). Remarkably, the
attempted trifluoromethylation of the sterically crowded diferro-
cenyl ketone (4 g), in spite of an extended reaction time, was
unsuccessful. In all products of type 6, the 13C NMR spectra showed
the quartet of the CF3 group in a narrow range of 123.7–125.3 ppm
with the characteristic 1JCF of ca. 280 Hz.

The trifluoromethylation reactions were extended to a group of
hetaryl/phenyl and dihetaryl ketones 7a–f. Also in this series, the
reactions occurred smoothly at room temperature, and after
desilylation of the intermediate silylethers 8, the required products
9 were isolated in high yields (84–95%, Scheme 4, Table 2).
Similarly to the alcohols 6, the 13C NMR spectra of alcohols 9

showed the characteristic quartets of the CF3 group. In addition, a
singlet at ca. �78 ppm was registered in the 19F NMR spectra.

The unsuccessful attempts of the preparation of trifluoromethyl
thiols via nucleophilic trifluoromethylation of thioketones (see:
Introduction) prompted us to examine the reaction of selected
alcohols 6 and 9 with Lawesson’s reagent. It is well documented
that the Lawesson’s reagent is a powerful thionating agent for the
conversion of C¼O groups into C¼S groups [13]. However, its
application for the transformation of alcohols into thiols is also
known, but the reported yields of the products vary remarkably,
depending on the substitution pattern [14].

Heating of alcohols 6a,d,e in THF and 9a,e in toluene,
respectively, in the presence of a slight excess of Lawesson’s
reagent resulted in their conversion to the corresponding thiols 10
in moderate yields (20–54% yield after chromatographic purifica-
tion) (Scheme 5, Table 3). Their structures were confirmed by
spectroscopic data. For example, the 1H NMR spectrum of thiol 10c
showed a singlet at 3.21 ppm attributed to the SH group. In the 13C
NMR spectrum, two quartets located at 125.8 ppm (1JCF = 280.5 Hz)
and at 58.3 ppm (2JCF = 29.4 Hz) correspond to the CF3 group and
the C(1) atom, respectively. Furthermore, the signal of the CF3
group in the 19F NMR spectrum was found at �69.5 ppm.
Characteristically, the SH group absorbed in the IR spectrum at
2563 cm�1 with medium intensity.

In order to establish the scope and limitations of the conversion
of the fluorinated alcohols of type 6 and 9 into the corresponding
thiols, three alcohols bearing a furane ring, namely 6b, 9c and 9d,
were also tested in the reaction with Lawesson’s reagent under
typical conditions. In all cases, the expected thiols were isolated
after chromatographic work-up only in trace amounts and the
major part of the reaction mixtures consisted of non-identified
decomposition products. Similarly, alcohols bearing a pyrrole ring,
e.g., 1-phenyl-1-(pyrrol-2-yl)-2,2,2-trifluoroethanol, by treatment
with Lawesson’s reagent formed complex mixtures of non-
identified products.

In search for an alternative thiolation procedure, the complex of
P2S5 with pyridine (P2S5�2C5H5N) [15] was tested in reactions with
9a and e in acetonitrile at 80 �C. The expected thiols 10d and e were
obtained in yields of ca. 30 and 50%, respectively. Thus, the
applications of Lawesson’s reagent and the P2S5 complex led to
comparable results.

From the mechanistic point of view, the transformations of
alcohols 6 and 9 into the corresponding thiols 10, very likely occur
via an intramolecular nucleophilic substitution in the intermediate
adduct of the alcohol and the monomeric unit of Lawesson’s
reagent as suggested by Japanese authors [14].

3. Conclusions

The nucleophilic trifluoromethylation with the Ruppert-Pra-
kash reagent can be applied successfully for the preparation of
ferrocenyl- and hetaryl-substituted derivatives of 2,2,2-trifluor-
oethanol. These alcohols were converted into the corresponding
thiols by treatment with Lawesson’s reagent in toluene or,
alternatively, using P2S5�2C5H5N in acetonitrile. The prepared
fluorinated alcohols and thiols are new products and are attractive
building blocks for the synthesis of more complex fluorinated

Scheme 1. Carbophilic vs thiophilic trifluoromethylation of aromatic thioketones
[11b].

Scheme 2. Reaction of ferrocenyl carbaldehyde (4a) with CF3SiMe3.

Table 1
1-Ferrocenyl-2,2,2-trifluoroethanols 6 prepared via the nucleophilic trifluoro-
methylation of ferrocenyl carbaldehyde and ferrocenyl ketones 4.

Compound R Yield [%]

6a H 84
6b Furan-2-yl 73
6c Selenophen-2-yl 71
6d Thiophen-2-yl 62
6e Methyl 80
6f Phenyl 60

Scheme 3. Nucleophilic trifluoromethylation of ferrocenylketones 4b–f (Table 1).
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